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and Codc5 NHB, the enclosed NASA-owned U.S. Patent is being 
forwarded for abstracting and announcment in NASA STAR. 
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NOTE - Is this an invention made by a corpoi-ate employee 
of a NASA contractor? 
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NO 


If "YES" is checked, the follov/ing is applicable: Pursuant 

to Section 305(a) of the National Aeronautics and Space Act, 
the name of the Administrator of NASA appears on tlie first 
page ol: the patent: however, the- name of the actvial inventor 
( .-nuflior ) appears at the heading of column Mo. 1 of the 
Spc'ci f tion , foJ.lowinq the words "...with respect l.o an 
inventi-on of ..." 
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TK^^P^.RATlIRE C0R:,<>EKSATKD CURRENT SOURCE 


HACKCJROUNOOirHli INVENTION 

'niis invention relates generally to current sources, and par- 
ticularly to a current source which may be made either sub- 
stantially temperature imlependent or linearly dependent 
ieiii|X'ratiiie variations. 

I'or many pur|xises current sources arc needed where the 
output current substantially diH» not vary with temperature 
over a wide temperature range. For example, in order to have' 
a prevision analog circuit such current sources may be needed 
iLs the energy sources of the amplifiers. Also amplifier drift 
may be ^'oinpensated by utilizing a current source having a 
knowai linear de(x;ndencv <m teinperaturc. 

It IS tKVordiiigly an object of the present invention to pro- 
vide a current- source, the iHitpiit current of which varies 
lineally with venations of lciii|X'ratiirc.. 

Another object of the invention is to provide a currciit 
soiiu'c of the character disciis.sed which may be made substtin- 
tially imlc|x.-ndent of teinpeiature variations over a wide tem- 
p-.-ralurc range by the simple iuldition of a resistor. 

A liiitlicr object of the present invention is to provide a tern- 
peratuie stable current source consisting of resistors and 
■Uahsistois sri flisr if may''readily be manufactured in the form 
of a monolithic integrated circuit. 

- ' SUMMARY OFTME INVENTION 

in accordance with the present invention there is pruvidcdai 
current source for providing an output current which is ap- 
proximately independent of temperature variations. Thus the 
output current may be 'made either independent of or linearly 
dependent upon temperature changes. Such a' current source 
is ideally suited to compensate the inherent temperature drift 
of a dircct-coupled differential-input amplifier. 

T'he current source comprises two transistors which are irh- 
tcreonnectcd in such a manner as to provide a feedback loop. 
To this end the base of the first transistor is connected directly 
to the collector of the second transistor, while the emitter 
the first transistor is connected directly to the base of the 
sccxind transistor. A first resistor is connected between one 
terminal of a source of regulated voltage and the.collcctor 
Ific second tnuisisuir as well as tlic base of the first transistor. 
Fin^y. a second resistor is provided between the junction 
point of the emitter of the first transistor and the bux of the 
second transistor on the one hand, and the other terminal of 
the voltage souxe on the other hand. Further, the emitter of 
the second transistor is also connected to the other terminal of 
the voltage source. 

Accordingly an output current is available from the collec- 
tor of the first traasistor which is substantially linearly depen- 
dent «m' temperature. This is true as long as the reciprocal 
value of the Ivta of each transistor is suhstuiitially negligible 
compittcd to 1 . ■ 

In order to make the output current substantially indepen- 
dent of temperature variations, all that is necessary is to con- 
nect a third resistor between the emitter of the second 
transistor and the other terminal of the voltage regulator. 

'Ihc novel features that are considered characteristic of this 
invention are set forth with particularity in the appended 
claims. The invention itself, however, both as to its organiza- 
tion and methexl of operation, as well as additional objects and 
advantages thereof, will best be understoixl from the following 
description when read in connection with the accompanying 
drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. I is a circuit diagram, partly in block form, of a dif- 
ferential-input amplifier which may utilize the current sources 
of the present invention; 

FIG. 2 IS a circuit diagram of a current source cmbxKiying 
the present invention fer delivering an output current which is 
linearly dependent on temperature variations and which may 
be used with the amplifier of FIG. t; and 


FIGl J is 3 circuit diagram of a modified current source in 
ncrorilaiu r with Ihr pirsciit invention for delivering nil oiitpiil 
cuiieiil which IS .siiltstniiliiilly iiule|Nnidciil of leiii|xriatuie 
variations and which may also be used with the amplifier of 
5 FIG.l. . . 

DF.SCRIPTIONOFTHE PREFERRED EMBODIMENT 

Referring nowib ilie tlruwing. there is illustrated in FIG. 1 a 
IQ difTcrcntial-input amplifier. This amplifier is claimed in the 
copending, application of Ihc present inventor, entitled 
Direct-Coupled Differential-Input Amplifier.” filed concur- 
- rently herewith and assigned to the a.ssigncc of the present in- 
vention. The current sources of FIGS. ,2 and 3 which cnibody 
IS the present invention may he used with the aniplifier of FIG. I, 
although this aiiiplilicr may use other previously kmiwn cur- 
rent sources. 

TImi tIilTcrriilial aniplifier of ITG. I hies a pair of jiipiil let- 
minuls id and II from which the diffcreiilial-nuxle input 
20 signal is available. As explained before, the dilTerenlial iTUKle 
signal is the desired signal between termimils 10 aiul 1 1 and 
preferably is an input voltage. TTic undesired eoinmon-modc 
coni|x>nenl is that component which is eoinmon to llic two 
input terminals lO^and 1 1. Typically the coinmon-nuxle com- 
ponent may be on the order of volts,- while -thc dcsircd dif- 
ferential-mode signal may he its low as microvoli.v. 

Tbe input signal is impressed on a pair of input Iraivsistore 
12 and 14 which, as shown may he of the NI’N type. In, any 
... r-isi- they should both be of the same conductivity type. The 
in^ signals are impressed on the two bases of the inpul 
transistors 12 and 14, and accordingly the input terminals 10 
and 1 1 are respectively connecteo to the two bases. - 

The output signal is obtained from the two collectors the 
two input transistors 12 and 14 and h> directly impres.sed on 
the two input terminals of an amplifier 15 which may he called 
the differential-mode amplifier. The differential-mode ampli- 
fier 15 hasa single-ended output terminal J7 on which the am- 
plified differential-mode signal is obtained. 

4 Q A feedback connection 18 is provided between the outpUl 
terminal 17 of the differential-nKHlc amplifier 1$ and ground 
and includes a resistive fc-cdback network 20 consisting of re- 
sistors 21. .22, 2J and 24 connected in scries with each rdhef 
and between the amplifier output Icnninal 17 and ground. The 
45 feedback conneciion is completed to the emitters of the two 
input transistors 12 and 14. This emitter feedback connection 
is important for the operation ofthcaniplifier of-the invention. 
Accordingly, the junction point between rcsisiors.21 and 22 is 
connected to the. emitter of transistor 12. Similarly, the junc- 
lion point between resistors 23 and 24 is connected to the 
emitter of transistor 14. 

. Further in accordance with -the present invention, there is 
provulcd a high gain cominon-niixle feedback lixip including 
a stabilizing anipliricr 26. The ampliTicr 26 h:cs one input tcr- 
minal 27 connected to a point of reference potential shown as 
tj. This nwty be any suitable stable voltage iniluding ground. 
The other input terminal 2b of the stabiliiing amplifier 26 is 
connected to an output terminal 30 of the differential-mode am- 
^ plifter 15. From this output terminal 30 there is avmtable the 
common-mode signal. This may be considered proportional to 
the average collector currents of the input transistors 12 and 14. 
The stabiliiing amplifier 26 accordingly develops an output cur- 
rent at its output terminal 31 having a magnitude which de- 
55 pends on the difference of the voltages at its input terminals 27 
and 2b. In other words, it develops an output current which va- 
. lies with variations of the common-mode signal. 

In order to complete the common-mode feedback kxip, the 
output terminal 31 of the stabilizing amplifier 26 is connected 
70 to the junction between resistors 22 and 23. Thus the emitter 
currents of the input transi.stnrs 12 and 14 are held constant 
under conditions of changing currents in the resistive feed- 
back network 20. A positive voltage source 33 may be con- 
nected to the amplifier output terminal 31 by a resistor 34 as 
75 shown. 







As slates! aJtnc. it is tlic fuiK'Ittm «•( the sl.ittit(/niftaiit|>iirt«ri 
to nn i iiiirnt of a ntagnilmlc ami tlin-rlion” 

l<i t'om|H*ttxi(e Itii vitiiultoiis ill llii* loiitiiiiui iiitutc* ' 

coiii|Huivnt at the input (einmuK 1(1 ami It. .Siali-il aiiolhcr 
vv.o. the I'oinimiii imulc leoillMik loop Itu- slaliili/-. ^ 

ill)’. amplilKT 26 etniliols the o|H'ialiii|: Inas levels for llic 
tr.insislins 12 ami 14 s«i that the overall, pain of the tlif- 
feiential-iiHMle aniphrici remains eonstant in spite of varia- ‘ 
lions tif the common- inmlc input vt'ltapc component. 

I he amphlici circuit as ilcsciilvil so far luis a iliffetcnlial 
input ami a sinpIc-cn-Jcil output and affords a high rejection of 
the oimmon-mmle com|'«>nent. Ilic' eoimnon-mode rejection 
may he at least as laipe as UK) dh. tdecilvls). On the other 
hand, the amplifier circuit as described so far does not com- ^ ^ 
(s-ii'silc for |iovsililc tciii|H-ralure tlrifl tuii for inherent vtillape 
ottsel. I'hiis the ani|'.lirier is o|icrative if it' is maintained at a 
Ci'iistant temjH'uitiiie amt d'llie inheient \*»ll.i)>' I'tfsel can N* 
niiiiinii/ed tin any. iciiliculai a|iphca(ion. Kowvvei. if the am- 
bient temperature varies over a wide range, say. from -40“<*. sjj 
tcculiy.iadci to l UHr’ (' . some |irovision must Iv in.ule to 
prevent output signal. variations with teiii|vraturc variations. 

In accordance with Ihe’prcsent invention, this is effected by 
the provision of a drift control circuit 40 ami an olTscI control 


47. .Sii’iil.iily.- f» ts' the cuitenf (lowing nr lead 46 (-nitliei- 
more. v.-l is the input voltage at iiipiit terminal 10. while »7( is 
till- ollii-i iopiil vtiliugr 111 till- trimimil It. riiially, /r, is tin* . 
coiiihmeil icsislaiicc ol resisttiis 22 ami 2.t. and Ht is llic coin- 
liittcil ii'sislaiu'e iif icMstiiis 21 ami 24 fhe iolKiwing fiirmitla 
isihiisplu.iineilloi V.: . , 

r,= (/A“-fn)/i’>+(oiA— t’in) — (1) 

rorimila ( 1 ) shows that v„ may be made ’.emperalure iiidc- 
pendeiil by a proper ailiiislinent of the currents .and Ip, 
because IkiIIi ciirieiils eontain separately a tciii|rcraliiic iiulc- 
pcnilcnt and. a linearly tenif.eralure' de|K'ndciit com|xnicnt. 
ifiiiN by .-idjiisiiiiciil of the. relative currents obtained fro'ni the 
tliifl coiiliol ciiciiils 40 and 42 compareil to the ciiircnts'ob- 
latneil fu’iit llie'c’IVsrf rsmliiit ciiciiits 41 :iml 4.t,<ltie t’lilpnl 
v»il(.ige v„ may, tv iivule feiii|K'i.ituie lmle|H'mleiit. the roll, 
age V, may also be maile zero for a zero in(nil. signal, itial is,-, 
when v.-l cipials vH fliis is the fiim'lionof the oIIm'I conliol- 

Kctciiing now to l l(i. 2. Ilieie is illiislialcil a liaiisistoi cir-. 
cuit which may be considered as a current source delivering 
an oulpiil oirreni which is a linctir .function of.thc tempera- 


circuit 41 for supplying currenj to the emitter of transistor 14. jS lure. Accordingly^' the'eircuil of l-IG. 2 may be used to obtain 
amt a siiiiilar drift control circuit 42 and oifsel control circuit the drift coiilrol shown al.40.aiul 42 in I'lCi. I. 'I'hc circuit of 


4.t for supi'lying 0|H'ratiiig cm rent to the input li.msistor 12. 
The two drift control circuits 40 and 42 arc designed to 
de\clo|< an oiil|iut current which varies linearly with tempera- 
lurc variations. Hence they conijien.sate for lemperalurc 
drifts. Oii the other liami, the offset control circuits 41 and 43 
control current olTsct and ilelivcr an output current which is 
siibst.'intiallv iiulcpeiHicnt of tcin(>craturc van'aliom. 

'I'lt cAj’lain llir fiiiiclHias of the iliift coitli<4 circuiK 40.42 
and of the offset control circuits4l 4-f , wc mayconsidcr a plot 
of the voltage as a function of Icmperatuic variations. It is the 
fiiiK'lion of tile drift control circuits to control the slo|ie of tlic 
voltage-vcrsus-tcmperatuTC curve. On the other hand, the off- 
set control circuit controls the absolute value of the voltage. In 
otlicr words, this makes it possible to have a z.cttr output volt- ' 
age for a zero input voltage, provided the slope of the curve 
lias been made (>° by proper control of the drift control cir- 
cuits. 

The control. circuits 40 Ihrougli 43-may each have an input 
connected to a voltage regubtor 45 for su{^ying thereto a ' 
regulated inpul voltage. As shown, the other terminal of the 
voltage regulator 45 and «if the control circuits 40. U> 43 may 
be grounded. The drift and offset control circuits 46 and 41 
have .an output lead 46 cormccled to the emitter of transi.'aor 
14. Similarly, the drift mid offset control circuits 42- and 43 
have an output lead 47 connected to the cmiticr of input 
transistor 12. 


I'll!. 2 iiwhuh's a pair of iransislors 50 and SI which may Ik of 
the NI’N typi: as shown. In any ca.se they should both be of the 
.same conductivity type. 

'Ifie two transi.stors 50 and 51 -arc connected directly to 
each other to form a feedback loop. Accordingly the collector 
of transistor 51 is connected directly to llic base of transistor 

50. S'imikuly. the emitter of transistor 50 is directly connected 
tolhr Ivisc of Iiansisl«r5l. 

As mentioned before, the transiston. an: preferably supplied 
with a regiitalerl volta;^’ from the voltage regulator 45. Thus 
the (lositive lemiinal si the voltage regulator may Ik con- 
nected by. a re.sistur 52 to the -base of 1ransi.stor 50 and the col- 
lector of transistor 51. The negative terminal of the voltage 
regulator 45 is directly cimncctcd to llic emitter of transistor 

51. The emitter of Inuisistor 50 and the ha.se of transi.slor 51 
:uT connected through a resistor 5.3 tothcemillcr of transistor 
51 and to the negative terminal iif tlic voltage regulator. 
Finaliy, the output current is obtainable from the output ler- 
minal 54 connected to the collector of transistor 50. 

With the voltages orihe voltage regulator ;md the conduc- 
tivity types of the two transistors as shown, current flows into 
the collector of transistor 50. as shown by the arrow SS.Therc 
IS further a closed current kiop wliieh may he traced from the 
eollvcli'r of transistor 5 1 to the h:isc of transistor 50. as shown 
by arrow 56. and then through the emitter of transistor 50 and 
the base of transistor 51 . :is slmwn by the arrow 57. 


it has been found that by mljiisting the relative components 
of the currents delivered by the drift and offset control circuits 
40 and 41. nr 42 and 4.3, the amplincrcan he so adjusted that 
the dilferential-mode signal obtained a: output terminal 17 is 
rendered substantially independent of temperature variations. 
Also the differential-mode signal at output terminal 17 may be 
made zero for a zero input signal. Actually it has been found 
that the temperature drift for a temperature range between 
-40° C. and -H(K)° C. may be maintained to be lcss than 0.05 
uv/°C. (uv indicating microvolts). 

It will also be appreciated that current sources such as the 
drift control circuil.s 40 and 42 which deliver an output cur- 


U will be rc:di'z.ed that the alpha of a junction lomsistor 
generally varies nonlincariy with temperature. The alpha of a 
transistor is defined as the variation of the collccthr currenl 
with variations of the emitter current, the voltage between col- 
lector and emitter being maintained constant. Similarly, the 
beta of a transistor is dermed as the variation of the cmiticr 
gQ current with variations of the . base current, the voltage 
between collector and base being maintained constant. 

For further discussion it will be assumed that the two 
transistors 50 and 51 are closely matched with respect to their 
alphas and betas. In other words, wc have to assume that the 
65 collector currents of the two transistors, as well as the betas of 


rent linearly dependent on temperature variations are well the two transistors, arc approximately cijiial. In that case their 

known. Similarly, offset control circuits such as 41 and 43 ba.se currents will also be equal. Accordingly, if the collector 

which drliver an iiiitput ciiireni Milislanlially .imlc|Kndcnl of C'lirreiil of transistor 51 is approxiiiiately constant with tem- 

lciii|Kralurc variations are also well known. However, it has peralnte, the change of the viiJiage drop between base and 

been found that the ciiciiils ■Hestrated in FKiS. 2 and 3 arc 70 eniiller of transistor 5 1 will be extremely linear with lempera- 
pariicularly suitable for this purpose. lure. Accordingly, the current through re.si.stor 53 equals the 

Ifie following formula shows why the output voltage of the output current which is shown by the arrow 55. The reason is 

.•implifnr of I'lO. I can be m.nic in<lep<’mlent of icnijifraliirc. lhareqimt riiimil.'i flow .as shown by the arrows 56 .amt 57, 

In the following furinula e„ is the output voltage obtained at ■flieicrorc llic oiilpul current is also a very linear fniiction of 

output ivrminal ! 7. /., indicates the current ilowing in the Ic.ad 75 temperature. 
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Sim'c lunfiitN fli>* in the ilifei'liims'Nhown hy utruws 
56 ;iihI 57, it wil) Ix' nppaient that the ontpiil euiicnl ;0m* 
fliiws through resistor Si. Therefore the magnitude of the out- 
put eiirient may lx- controlled hy vatying ilK‘ resistance of tlic 
resistor S3 as shown.' t his is the niaiiiicr in which the drift con- 
trol circuits 40 and 42 may he adjusted. 

I he ciicuit of I'Ki. 2 may Iv mathematically analyzed and 
the following formula'may he obtained; 


/= 


(- 


<f|/f 








This lormiila (4) may again he siniplified provided the 
previiiiis .issiiinption is tiiie thai tiu- lecipiix-.ils of the lielas of- 
the two transistors iruiy be tK’gJectcd co'iiparcd to 1 ; or. put in 
otiici words, that the hetics of the twi» transistors should he no 
less than MH). I'urtliermore, wc iissumc that the input voltage 
K is greater than 2K, or 21'',. The rca.son for that is that the 
■ input, voitjige should Ik larger than the volt;ige drops between 
the' fei.se ami emitters of the two transistors coniicclcd in 
cascaile rraetieally. llir input soilage /■’ should Ix' giealrr 
Iff than lOr, Of Itir,. With these assumptions, loniiula (4) may ' 
be simplified as follows: . 


( 2 ) 


In the above formula. / is the output current, that is, the cur- 
rent flowing through the output., terminal 54. K is the rc- 
sislaiiee of resistor 5.V /I, is the Ivta of.lransistor 51, ff, is the 
Ix-la «if iransistor 50. H, is the resistance of resistor 52. f' is the 
oulpiil sfdlage ilevelopcil hv \«>llage regiilal**r 45. f, is llie 
hase-einitict volLige of tiaiisislor SK and, f, is the l»a.sc- 
cmitter voltage of tr;msitor 50. 

Assuming l!'..it I//1, inay b.' neglected with fes(Kel to 1. ami, 
that l//j, may bo neglected with respect to I. formula (2) may 
he simplified as follows: 


15 




( 5 ) 


20 


25 




V, 

R 


i'ormul:i (5i shows that the output current is indeed inde- 
IKiuleiit of leiniKratiire lKC:iuse Ixitli I-., the input voltage, and 
R. the resislaitee of resistor 53. are assumed to Ik temperature 
•ihli-|x-uilriit 

it will Ik uikleistiHxl that the ciieitil s)x-cifieatu>iis of the 
volt;ige soiiree «»f lT(i. 2 may vary accorilihg to the ilesign f»>r 
any p;iiliciil;if application. . However, the following eiieiiil 
spccificalioas have been found to he suitable for use with a 
dtrccl-cnuplcd differential input amplifier of the typc.shown in 

nC. 1: . .. . . .. ... _ . — » ■ 


( 3 ) 


This condition may he expressed another way, namely, if 
and fit is each larger than ICO, the reciprocal of beta certainly 
can be neglected with TC-spcct to 1 . 

Formula (3) shows that /. the output current, is a linear 
function of teniperature hecaasc is a linear function of tem- 

jrerature. as are the bet. is of the transistors. 

Aeesndingly the circuit of MO. 2 .will deliver an output cui>- 
rent which is a linear function of tempetature under the eondi- 
tkHts referred to above. The circuit may he used for the drift 
control circuils dO and 42. Also the iiuignitude of the output 
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Resistor 52 
Resistor S3 
Transistor 50 
and 

Transi.st(u51 


1 30.000 ohms - 

1 2.000 ohnu 
Typc2N918 

Typc2N91« 
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With the circuit spccificalioas given above, the current 
source of F1C>. 2 develops an output current which is u linear 
function of tcinperauire and which, when {dotted, deviates 
less tlcio 0.1 percent from a Viraighl line over a temperature 
range hctwccn-^tf’C. and-H00°C. 

For the current source of MG. 3. the same transistor types 
may he used iiiwl the following resistance values iKcn liiuiiil to 


cuiTcni may be adjusted fay adjusting the resistance of resistor an be suitable for application as a drift control circuit of the type 
53. shown in MG. I: 

lly a simple nuxlifk-atiim ilie circuit of MG. 2 may be ntade Resistor 52 47.tHH) ohms 

to deliver an output current which is substantially indc{)cndcnt Rc-sistorbO 47,00t)ohnis 

of temperature. This is illustrated in FIG. 3. The circuit of Resisten-SJ 38,000 ohms 

MG. 3 is identical to that of MG. 2 . except that a resistor 60 is ,45 
connected between the emiltcT of iransistor .51 and (be nega- 
tive terminal of the voltage regulator 45. , 

In the circuit of FIG. 3 there is a 100 percent feedback 1 »k^ 
between the two transistors 50 and 51. Accordingly the volt- 
age across resistor 53 is stabil^cd with temperature if the ratio 50 weVm in the form of a monolithic integrated 

of Ihcrcsistancc of res.su, r6ntolhatorresislor52.scquallo circuit In thalca.se the characteristics of transistors SO and 51 


With the ahtne cirenit spccificalioas. the eunenl source .of 
FIG. 3 is subslantcilly indc(KnJent of lem{'eralurc within a 
Tange of —40° C. to -f lOtT C. and is stable within TO to 100 
parts per million/® C. 

A.S pointed out before, the circuits c4 FIGS. 2 and 3 are par- 
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the alpha of (ransistor.51 which is in the neighborhood of one. 

It should also he assumed (hat the voltage gain of the network 
consisting of 1r;uisi.s(or 51. resisfor.52 and resistor 60 is unity. 

It has already been explained that the output current flow 
through output terminal 54 is cqualTo the current through re- 
sistor S3. Therefore it will he apparent (hat the output current 
is constant with tcm{Krature and is inversely pro|XirtionaI to 
the resistance of resistor 53. In other words, the magnitude of ^ 
the output current may again be adjusted by an adustment of 
the resistance of rc.sistor 53'. As pointed out before, this af- 
fords a simple nuinner in which the output current of the offset 
control circuits 4 1 and 43 may be adjusted. 

■ T he temperature independence of the output current of the 
voltage .source of FIG. 3 may be shown mathematically as 
follows. A.s.simiiiig that the resi.staiice.s of re.si.'tors 52 and 60 
arc equal, the output current / is determined by the following 
formula; 


1 + 





will be very closely matched. It is also feasible to obtain at 
least a small adustment of the resistor 53. Thus as.suming that 
. the resistors arc eeriiiel resistors wliieh m.iy consist, for cuiin- 
plc. of chromium with silicon monoxide having a tbiekness on 
the order of 300 A. (Ang.strom units), the resistance may be 
adjusted after the circuit has been m-ade, for example, by heat- 
ing the cermet material of a particular resistor such as 53. 

. There has thus been disclosed a current source which con- 
sists only of transistors of one conductivity type and rcsi.stors. 
Accordingly the current source is ideally suited for manufac- 
ture in the form of a monolithic integrated circuit. The current 
source may be made to deliver an output current which is very 
linear with variations of tem(Kraturc over a wide tcm(Kraturc 
range. Oy the mere addition of a resistor, the current source 
may be made to be .sub.stantially indcfKndent of temperature 
within 10 to 100 parts {kt million/” C. Furthermore, the mag- 
nitude of the output current may bo controlled by adjustment 
70 of one of the resistors of the circuit. 

I claim: 

1. A current .vMjrtc for providing an output current which is 
linearly dependent upon temperature variations, said source 
comprising: 

75 a. a first ami a seeoiul transistor. s:iiil transistors Ix'iiig of the 
same eonduelivity type and having suirslanlially equal 
alphas and iKla.s; 
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ti. vinl TnM Irnnnuliir having ils Iwsr t'onnccicil (hrccity to 
llic colirclor or«iul kcoihI tiunvoUii; 

c. said first trahsisinr having its emitter connected directly 

to the base of viid second transistor; ' ' 

d. a source of regulated voltage; 

c. a first resistor connected between one of the terminals of 
s;tid voltage source and the collector, of said secortd 
transistor; 

f. a second resistor connected between the junction.poini of 
(he emitter of said first transistor and the base of said 
second (raasistor. and the other terminal of said voltage 
source, the emitter of said second transistor being cou- 
pled to said other terminal of said voltage source; and 

g. means isolated from said source and connected to the col- 

. lector ofsaid first transistor for deriving an output cur- 

rent, s;iid output current being substantially a linear func- 
tion of leiu|X.'raturc provided the reciprocal value of the. 
beta of each of said transistors is substantially negligible 
compared to one. 

2. A cnrient source as defined in claim 1 wherein the nuig- 
nilude of s;iid output current Is controllable by controlling the- 
, _ resistaiu e of s;ti.d scVo|id resistor. . 

■ J. A current source for providing an output current which is 
stihslanlially independent of temperature . variation). &iid 
.source eompi ising: 

a. a first arnl a second transistor, said transistors being of (he 


siunr coiuluctivity 'type and having suhstnniially equal 
alphas and Irenes; 

b. said first transistor having its bxsc connected directly to 
the crrllcclor of said second transistor; . ' 

5 c. .said first transi.sior having its emitter connected directly * 
to the ba.se of sriid second transistor; 

d. a source of regulated voltage; 

e. a first resistor connected between one of the terminals of 
said voltage source and the collector of said secortd 

10 transistor; 

f. a second resistor connected between the junction point of 
the emitter of said first transistor and the ba.se of said 
second transistor.' and the other terminal of said voltage 
source, the emitter of said second transistor being cou- 

IS - pled to said other terminal of said voltage source; 

g. a third resistor connected between the emitter of said 
second (laiisislor. and the other tcrmiiuil of s:iid voltage 
source; and 

h. means isolated from said srrurce and connected to the 

20 ctdlector of s;iid first (raasistor for deriving an output cur- 

rent, siiid output current being suhstahliaily independent', 
of temperature provided that the reciprocal value of the 

bcta ol cach of saidVra'h'sislbis is .s'ubsta'ntialiy negligible 

compared to one, and that the resistance of said first and 
25 third resislirrs are substantially rent. 
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